Th is study surveyed species of the family Araceae in Grumari restinga, located in the metropolitan region of the city of Rio de Janeiro, Brazil. We aimed to: i) eva luate the contribution of a single locality (Grumari restinga) to regional conservation (Rio de Janeiro State) of Araceae; and ii) compare the distribution of species of Araceae among restingas of the state. We calculated the extent of occurrence and the area of occupancy in the entire state for eight species of Araceae found in Grumari,and performed a similarity analysis among restingas. Our data de monstrate that the extent of o ccurrences for Anthurium augustinum, A. coriaceum and A. maricense are infl uenced by Grumari because this area is the boundary of their known distribution in the state. Grumari did not have an infl uence on the distribution of the other studied species. We found Anthurium coriaceum, A. luschnathianum and Philodendron crassinervium to exhibit unusual habits as terrestrial plants in sandy soil. Th e similarity analysis identifi ed six groups of Araceae, four of which are related to the distance from adjacent forests. We demonstrated that this small conservation unit represents a key locality in the preservation of natural populations of species of Araceae in Rio de Janeiro State.
Introduction
Restinga is a phytogeographic unit of the Atlantic Forest, encompassing a coastal ecosystem with vegetation on Quaternary sediments that comprises different herbaceous, shrubby and tree communities (Pereira & Araujo 2000; Pereira 2003) . Distribution patterns found in the literature suggest that the species composition of restinga includes taxa from neighboring communities (e.g. dense ombrophilous forest) and species widely distributed in South America (Araujo 2000) . Th e increasing loss of neighboring vegetation, such as montane forest, has resulted in areas of restinga being the last refuges of populations with a previously wider distribution. Many fl oristic lists have already been produced for restinga areas in the state of Rio de Janeiro (e.g. Pereira & Araujo 2000) , but surveys focused on particular plant families are still scarce (e.g. Cogliatti-Carvalho et al. 2008; Pederneiras et al. 2014) . When considering the original extent of restinga in the state and the loss of cover due to real estate speculation, there is an urgent need to conserve this ecosystem (Rocha et al. 2007) . Further, fragments of restinga along the Rio de Janeiro coast (from municipality of São João da Barra to the municipality of Paraty) are key areas for the conservation of rare plants (Giulietti et al. 2009 ) and represent regions of extremely high priority for the conservation of threatened species (Loyola et al. 2014) .
Araceae is a striking group to test patterns in restinga, because the family is a conspicuous element of adjacent humid forest formations (Mayo et al. 1997; Sakuragui et al. 2011) . However, the only survey published for the group in Brazilian restingas is restricted to the state of Espírito Santo, where about 50 % of the species of Araceae were determined to be regionally threatened (Valadares et al. 2010; Valadares & Sakuragui 2016 ). The few floristic lists that include Araceae in restinga (e.g. Araujo & Oliveira 1988; Araujo et al. 2009; Pereira & Araujo 2000; Pereira et al. 2004 ) are taxonomically outdated due to an increase in systematic studies over the last decade. In addition, data about the conservation of these species in the literature are still inconsistent.
This work surveyed the species of Araceae in Grumari restinga, an area in central-southern Rio de Janeiro state, which has not yet been inventoried. We aimed to: i) evaluate the contribution of a single locality (Grumari restinga) to the regional conservation (state of Rio de Janeiro) of Araceae; and ii) compare Araceae distribution among restingas in the entire state. We also report unusual habits for some species and contribute to the discussion about the potential of using a single area in conservation efforts at a regional level.
Materials and methods

Study area
Grumari restinga is located in the western zone of the metropolitan area of the city of Rio de Janeiro, Brazil (43º31'00" 43º32'30"W; 23º02'30" 23º03'10"S) (Fig. 1) . It is one of the smallest fragments of restinga in the state of Rio de Janeiro and is frequently subjected to anthropogenic impacts (Vidal & Vidal 1977/78; Rocha et al. 2007) . It has 951 ha within the Grumari Environmental Protection Area (APA Grumari), comprising four formations: halophilouspsammophilous, post-beach, open shrub and restinga forests (Moreira et al. 2014) .
Taxonomic circumscription of the species
Species taxonomy follows the species list of Brazilian flora (BFG 2015) with one exception, the Anthurium augustinum K.Koch & Lauche complex. The taxonomy of the A. augustinum complex follows the taxonomic treatment proposed by Cardozo et al. (2014) 
Extent of occurrence and area of occupancy
Firstly, a list of species of Araceae in the study area was compiled based on field expeditions as part of the "Flora of Grumari Project". Secondly, a database was constructed to including the distribution of species in the state of Rio de Janeiro and their regional conservation status (i.e. status at the state level) based on: i) our field data; ii) herbarium records (GUA, HB, R, RB and RFA, acronyms according to Thiers (2016) ; and iii) SpeciesLink (2016) , in all cases using only specimens identified by Araceae specialists. The geographic coordinates of each specimen were taken from their labels. Specimens without original georeferencing had their coordinates estimated using the geoLoc tool on SpeciesLink.
To evaluate the influence of Grumari restinga on regional conservation and distribution of Araceae in restinga areas of the state of Rio de Janeiro, we calculated the extent of occurrence (EOO) and the area of occupancy (AOO) of each Araceae species found in Grumari restinga using the GeoCAT tool (Bachman et al. 2011 ) and all records from the state. The AOO and EOO indexes refer to the distribution of a taxon in a given region: EOO corresponds to the area contained within the smallest convex polygon that can be drawn to include all known sites of occurrence of a taxon; AOO corresponds to the effective area within the EOO which is actually occupied by a taxon (IUCN 2010 ). This approach allowed us to assess conservation status at a regional level (Gärdenfors et al. 2001) by applying IUCN (2010) assessment criteria, restricted to the state of Rio de Janeiro in this case. Each species was evaluated based on all the points surveyed for the state (List S1 in supplementary material), considering first the occurrence in Grumari restinga and then excluding it. The objective of this analysis was to show the influence of the Grumari restinga on EOO and AOO and, consequently, on the conservation status of each species. This status was compared to those suggested at the state level for the state of Rio de Janeiro by Coelho et al. (2014) and Sakuragui et al. (2011) . At the national level, we compared our determined status with the official national list of threatened plant species (Brasil 2014) .
Similarity of Araceae in restinga areas of the state of Rio de Janeiro
To search for the distribution of Araceae species in restinga ecosystems of the state, a list of species was compiled based on: i) our field data; ii) records from the previously cited herbaria; and iii) records from floristic and phytosociological inventories (Araujo & Oliveira 1988; Lemos et al. 2001; Pereira et al. 2004; Paz & Bove 2007; Araujo et al. 2009; Carvalho & Sá 2011) . Similarity in species composition among Grumari restinga and other restinga areas was evaluated by using a presence-absence matrix (Tab. 1). We calculated the Jaccard similarity index among areas and constructed a dendrogram using the UPGMA algorithm in the software PAST (Hammer et al. 2001) .
Results and discussion
In this paper, we search for the contribution of Grumari restinga to the conservation of Araceae in the state of Rio de Janeiro and found that the extent of occurrence of only three out of eight species is influenced by Grumari restinga. We also looked for a better understanding of Araceae distribution over restinga ecosystems in the entire state and found that groups of species are related to the distance of the adjacent forests.
Contribution of Grumari restinga to the conservation of Araceae in the state of Rio de Janeiro
As far as we know, there has been no previous floristic or phytosociological inventory that included Araceae samples from Grumari restinga. Eight species of two genera of Araceae were recorded in Grumari restinga (Tab. 2), and all of the species are endemic to the Atlantic Forest (Coelho et al. 2009) . At the regional level, in the state of Rio de Janeiro and according to the extent of occurrence (EOO), only Anthurium intermedium is not threatened, but all other species are. However, taking into account the AOO, all species of Araceae in Grumari restinga are threatened (Tab. 2). Following IUCN (2010) statements, we must consider the most critical status. Generally, our AOO suggested a more threatened category than the EOO. This is due to the close relationship between the AOO and the number of records used in the analysis, whereas the EOO is influenced only by the occurrence points that modify the vertices of the distribution (Bachman et al. 2011) . Most species have relatively few records in the state, which makes regional assessments very sensitive to sampling but not impossible to analyze. When Grumari is excluded, the EOOs of A. augustinum, A. coriaceum and A. maricense are reduced, because this restinga represents a vertex of the polygon. The loss of this area would result either in the decrease of important populations of species with narrow distributions in areas of restinga in the state of Rio de Janeiro, and/ or decrease the occurrence of plants with unusual habits (A. augustinum, A. coriaceum, A. luschnanthianum and P. crassinervium) , which are discussed below.
The local extinction of the A. augustinum population in the Grumari restinga would result in the loss of a substantial source of biogeographic knowledge of this species, because Grumari is the last remnant non-island restinga, where A. augustinum occurs along the coast of the state (Tab. 1). It is worthwhile to point out that various entities were recently consolidated within A. augustinum (Cardozo et al. 2014) based on a morphometric analysis. However, the Grumari population exhibited easily recognizable entities of this complex (A. lhotzkyanum and A. maximilianii) . Although the work of Cardozo et al. (2014) was comprehensive, no restinga population has been analyzed and the lack of a phylogeographic study suggests that the morphological variation of the species in relation to its evolutionary history is still poorly understood.
The Grumari population of A. coriaceum is the only population of this species known to occur as terrestrial on sandy soils. The presence of this species on rocky-outcrops interspersed with restinga is well documented in the state of Rio de Janeiro (SpeciesLink 2016). However, this species has never been reported for the herbaceous strata in restinga forests, which makes the Grumari population distinct in relation to its ecology. This species has a disjunct distribution from the coast of Santa Catarina to Rio de Janeiro states and from inland inselbergs in Espírito Santo and Bahia states (BFG 2015) . All records of A. coriaceum are rupicolous populations except for Grumari. The main threat throughout the distribution of this species is habitat loss due to exploitation for ornamental rocks and civil construction (Sardou-Filho et al. 2013) , which makes Grumari restinga a key area for preservation of this species due to the particular habit and to the absence of this particular threat.
Considering A. luschnathianum, the hypothetical reduction of Grumari restinga would not affect the EOO. However, the loss of natural populations in the region would probably have a negative impact on the genetic diversity of the species, since it is endemic to the state (BFG 2015) and has a very restricted distribution (399 km 2 ). Also, the species is cited on the official national list of threatened plant species (Brasil 2014) . The species occurs in coastal plant formations, which are constantly threatened by human activities and fire (Coelho et al. 2013) . In addition, most of the herbarium records (ca. 40 %) are from the Grumari restinga, where the population is large with numerous adult individuals, which reinforces the importance of this location for conservation of A. luschnathianum.
Philodendron crassinervium is relatively common in mountains of the state of Rio de Janeiro, especially as a rupicolous plant on inselbergs or as an epiphytic and rupicolous plant in ombrophilous forests (Coelho et al. 2012) . However, when considering the records from the state of Rio de Janeiro, those from restinga are scarce and mostly historical. The records are only from the restingas of Mauá, Copacabana, Grumari and Praia do Sul. The first two areas are associated with Guanabara Bay and the surrounding region, which nowadays is completely urbanized (Lamego 1948; Muehe & Barros 2016) . This makes the Grumari and Praia do Sul populations the only known remnants where this species occurs in this ecosystem in the state and reinforces the individual importance of each area in maintaining the species diversity, independent of the conservation status inferred. Compared to the conservation status proposed by Coelho et al. (2014) and Sakuragui et al. (2011) for species of Araceae, which was only based on observations, the present study suggests a more critical situation in all cases. This result can be explained due to the use of the GeoCAT tool in this work, which was specifically developed to analyze distribution in relation to conservation (i.e. following IUCN criteria), unlike the previous two works that did not include calculations of any index (e.g. AOO, EOO). Moreover, Coelho et al. (2014) assessed A. angustinum as data deficient (DD), considering each species of the complex (A. maximilianii, A. laucheanum, A. lhotzkyanum and A. augustinum) as a separate entity that did not have sufficient records for a proper assessment. Based on all records, here we provide a status that is well grounded and significant. It is important to point that even for species widely distributed in the Atlantic Forest, such as P. corcovadense, P. cordatum and P. crassinervium, the regional status based on geographic distribution suggests these taxa as threatened in the state of Rio de Janeiro. Our work reinforces the need for regional lists for effective conservation practices (Gärdenfors et al. 2001) .
Similarity of Araceae composition in areas of restinga in the state of Rio de Janeiro
In the areas of restinga in the state of Rio de Janeiro, 25 species and nine genera of Araceae have been recorded. The similarity analysis resulted in a dendrogram with six groups (Fig. 2) : (group 1) Grumari, Maricá, Jacarepaguá and Niterói; (group 2) Jurubatiba, Massambaba and Praia Virgem; (group 3) Grussaí and Búzios; (group 4) Praia do Sul; (group 5) Marambaia; and (group 6) Copacabana and Mauá. These groups were formed with a cophenetic correlation coefficient of 0.79, suggesting groups statistically structured in the dendrogram (Rohlf 1970; Sokal & Rohlf 1962) .
Group 1 comprises areas of restinga located in regions with significant human occupation, which has resulted in the total or partial loss of vegetation cover on the beach ridges (Lamego 1948) . Jacarepaguá restinga is the only area in this group that is relatively large. It has a geomorphological genesis similar to areas of Maricá restinga in the Lake Region of the state (Muehe & Barros 2016 ), but it is surrounded by coastal massifs. Group 1 is located nearby hillside forests on a crystalline basement (Pedra Branca Massif, Tijuca Massif and Tiririca Mountains). The proximity of these hills led to the occurrence of species restricted to group 1 (e.g. A. coriaceum and A. parvum N.E.Br), which are shared with the neighboring hillside forests. However, this relationship no longer occurs from the Maricá restinga northwards. An influence of hillside forests on floristic groupings in this region was also found by Moreira et al. (2014) for species of Orchidaceae in restinga areas of the state of Rio de Janeiro. Our results suggest a reduction in the influence of hillside forests in a northern direction Table 2 . Regional conservation status (Rio de Janeiro state) for Araceae species from the Grumari restinga. Values in bold represent change in the extent of occurrence (EOO) when Grumari restinga is removed. Total -EOO and area of occupancy (AOO) considering all points surveyed for Rio de Janeiro state; w/G, without Grumari (EOO and AOO excluding the occurrence in Grumari restinga); n/e, not evaluated. Threatened categories according to IUCN (2010) : LC, least concern; NT, near threatened; VU, vulnerable; EN, endangered; CR, critically endangered; DD, data deficient. * status for the Anthurium augustinum complex (sensu Cardozo et al. 2014 in the state of Rio de Janeiro, which is possibly related to the juxtaposition of the Tertiary Tableland Forest and to climatic differences along the northern coast of the state (Assumpção & Nascimento 2000) . The influence of hillside forests was also observed in groups 4 and 5 (Praia do Sul and Marambaia, respectively), but at a lower level of similarity. However, these groups differ from group 1 by their lower species richness, which probably is the reason for their segregation.
Araceae richness in group 2 does not decrease in relation to geographic distance from the mountains. This group contains two areas of restinga located along a coastal stretch influenced by the Cabo Frio Center of Diversity (Araujo et al. 2009 ) and the Jurubatiba restinga, which is in the zone influenced by the Paraíba do Sul River (Muehe et al. 2006) . Floristic surveys between Jurubatiba and Massambaba have already been conducted for the herbaceous strata of the open shrub community, which revealed significant similarities and higher diversity in the latter (Carvalho & Sá 2011) . In fact, Massambaba contains 60 % of the Araceae richness found in the areas of restinga in the state of Rio de Janeiro, and has the most genera (7), playing an important role as phylogenetic stock in the conservation of Araceae in the state.
Group 3 comprises Grussaí and Búzios restingas and is characterized by low species richness and by sharing only two species frequent in Rio de Janeiro restingas: Anthurium harrisii and A. maricense. Based on herbarium material, although both Grussaí and Búzios have restinga formations where Araceae species are common, the loss of vegetation due to cutting, plantations and real estate speculation (Assumpção & Nascimento 2000; Dantas et al. 2009; Rocha et al. 2007 ) could have influenced the low richness found. A peculiarity within this group is represented by Montrichardia linifera, which can tolerate extended droughts through its subterranean stem system (Valadares & Sakuragui 2016) .
Group 6 comprises Copacabana and Mauá restingas, which were both associated with Guanabara Bay (CPRM 2012), and no longer exist due to anthropogenic activities. The region of Guanabara Bay has suffered constant human impact and profound losses since urbanization began in Rio de Janeiro (Holzer et al. 2004; Lamego 1948) . For this reason, herbarium records are not common for these areas and the few that exist are mostly over 100 years old. In the analysis, this group is formed by the presence of P. crassinervium in the two areas of restinga, but it could be considered "either" due to historical reflection or to the loss of biological diversity in these areas. The loss of restinga areas, such as Copacabana and Mauá, highlights the effect of deforestation on biological diversity. The Mauá restinga, for example, is closer to the mountain region of Rio de Janeiro (Órgãos Mountains) than to the coastal massifs previously discussed in this work. It is reasonable to think that the Araceae richness in this stretch was once much higher than it is now, due to the proximity to the mountains, which reinforces the need to preserve the lineages still present on the coastal sedimentary plain. 
Concluding remarks
In synthesis, our study revealed that APA Grumari contributes to regional conservation as a strategic geographic point for preservation of natural populations of A. augustinum, A. coriaceum, A. luschnathianum, A. maricense and P. crassinervium, because it is the last area of restinga in a preserved enclave, despite intense environmental disturbance. Besides, our similarity analysis showed heterogeneity in Araceae composition among the restingas in the state of Rio de Janeiro, where Grumari restinga belongs to the group with highest richness, and which is more influenced by the adjacent hillside forest. In addition, our study clearly shows the influence that inventories of specific areas play on the knowledge and conservation of species at a regional level. Species distributions and their conservation statuses provide important information for the ongoing "Flora of Rio de Janeiro State" project, and serve as a starting point for future national conservation plans for threatened species, such as those in this work.
As far as we know, this study is the first Araceae survey of the Grumari restinga and emphasizes aspects of conservation. Our results repeatedly indicate the importance of this small conservation unit as a key locality in the preservation of natural Araceae populations, including nationally and regionally threatened species. For this reason, it needs to be the target of campaigns that adequately inspect and effectively preserve the area. Similar studies of other plant groups, especially those that are well represented in collections, such as Myrtaceae, Orchidaceae and Rubiaceae for instance, will be fundamental in this sense, helping to construct a general panorama focused specifically on the contribution of the unit to the conservation of the regional flora.
